ya.

/—7

» Los Alamos
NATIONAL LABORATORY
————— (37.0%4) ~

LA-UR-17-27949

Approved for public release; distribution is unlimited.

Title:

Author(s):

Intended for:

Issued:

Synthesis of Actinide Materials for the Study of Basic Actinide
Science and Rapid Separation of Fission Products

Dorhout, Jacquelyn Marie

Thesis defense presentation

2017-09-05




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security, LLC for

the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By approving this
article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published
form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the
publisher identify this article as work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory
strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the
viewpoint of a publication or guarantee its technical correctness.



AAAAAAAAAAAAAAAAAA

Synthesis of Actinide Materials for
the Study of Basic Actinide Science
and Rapid Separation of Fission
Products

Jacquelyn M. Dorhout

Dissertation Defense
September 29, 2017

UNCLASSIFIED



A

+ Los Alamos

Ou tl | ne NATIONAL LABORATORY

Nuclear Forensics Story pt.1 Organoactinide Chemistry Story
Background Actinide Chalcogenides
UO, target manufacturing C-X bond activation using actinides
Irradiation and Results

Nuclear Forensics Story pt. 2 Summation of Projects
MOF background Future Work
MOF target manufacturing Acknowledgements

Irradiation and Results
Conclusions

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



AAAAAAAAAAAAAAAAAA

Nuclear Forensics Part 1

UO, Target Materials

UNCLASSIFIED



.

: + Los Alamos
Background — Nuclear Forensics

Nuclear forensics — evaluation of isotopic signatures to determine
the identification of a device post-detonation

These signatures and their ratios are different depending on the
type of device

Leads to information on when/how/where it was made

These isotopic signatures are produced from the fission of the
starting material
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Background - Goal

Goal: To create actinide target materials for the rapid separation
of fission products without the need to dissolve the entire target

Proof-of-principle to advance the library of fission product ratios
for various actinides

Procedure: To prepare and irradiate a target material, then rapidly
separate and measure the fission products
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UO, has been used in fuel, target materials, and fission product
analysis for decades

Literature references site these particle sizes between 20 um
and 200 mm

Dissolution of materials is generally done in HNO, and/or HCI at
acid concentrations > 1M
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Remember — we don’t want to dissolve the material

Microparticles of UO, were contacted with acids to determine
which would be used for future fission product extraction

1M, 0.01 M HCIl and 0.01 M HNO, tested

|ICP-MS used to calculate concentration of uranium in acid after
24 hours

Unsurprisingly, lower concentrations of acids dissolved less
uranium

Acids chosen for experiments: 0.01 M, 0.1 M HCI; 0.01 M, 0.1 M
HNO,
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KBr chosen as a secondary matrix to trap fission products

3:1 ratio of KBr:UO, gave best homogeneity by optical
spectroscopy and SEM analysis
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Dense Plasma Focus (DPF) — neutron source from D-D plasma
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Methods — UO, Target Production for DPF NATIONAL LASORATORY

Roughly 230 mg of dUO, mixed with 890 mg of KBr pressed into
pellets and flame sealed in glass

5:1 ratio was chosen to increase the amount
of material within the target

Irradiated at DPF
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Flattop is a critical assembly device made of HEU
Sample holders are loaded into “Glory Hole”

Rod "F*
{large contrel rod)

1-in. glory hole

; /_ (UU-235 core only)

Y2-in. glory hole
{all cores)

Rods "G" and "E"
(small rods)
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Methods — UO, Target Production for Flattop e tasersror

All targets had roughly 25 mg dUQO, unless otherwise noted
3KBr:UoO, mixture pressed into a 6 mm pellet using a KBr die
Pellet wrapped in Al foil to prevent dispersion
Sealed in Al sample holder
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HPGe and BEGe
detectors used in
experiments

Each sample (plus a
background) was
counted for the same
amount of time
Down-side: only gamma
emitting isotopes are
identifiable
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Results — Flattop Irradiations

Several irradiations done on multiple samples

Five UO, samples studied

Four samples of 3KBr:Uo,
Each contacted with a different acid
0.01 M HCI, 0.1 M HCI, 0.01 M HNO,, or 0.1 M HNO3
One sample with no KBr present s L

How important is secondary matrix?
Contacted with 0.01 M HNO,
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KBr is easy to work with and remove with dilute acid, but it is
activated in the neutron flux to give 82Br

Many gamma energies
Short half-life, high activity
Could be resolved by using a different secondary matrix

Targets were irradiated at different times under different
conditions

Cannot compare activities extracted
Must compare percent extraction
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Proof-of-concept shown

0.01 M HNO4 chosen as extractant for all future experiments

Secondary matrix does seem to have a positive affect on
extraction

Different secondary matrix could make analysis easier
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MOFs are a porous material where metal centers are linked with
organic ligands to form 3D structures |

Most common ligands are dicarboxylic acid based M

Can pores be advantageous for extracting fission products
without a secondary matrix?

150 °C

UO,(NO,), + Ligand S UO,MOF

2

Four MOFs were studied
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UO,-2,6-pydc
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Grey = Uranium
Black = Carbon
Blue = Nitrogen
Red = Oxygen
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Background — UO,-2,4-pydc
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Fourth MOF (UO,-prma) was a different structure

12, 526. UNCLASSIFIED
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All four MOFs irradiated using Flattop

Each target was contacted with 0.01 M HNO, in the same method
as the UQO, targets

Prior to irradiation, a sample of each MOF was contacted in acid
for 24 hours

Any dissolution would be due to irradiation, not material
property

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



Results - MOFs A

) Alamos

Comparison of Extraction of Fission Products from MOFs LABORATORY
90
= Tl e
= h;:‘) ,.\P

T.1943

80
70
60
50
4
3
2

1

0

S > o ¢ 3 Nt

o5 o tﬁ '\?S)
e L PR <2 <& e 4 Q< % P

100

W ?,6-pydc

W ?,5-pydc
m?,d-pydc
m prma
~,
N

7

% Extracted
[an] (] (]

-

-

Smaller pore size leads to less extraction
UO,-prma target had different structure and shows best extraction for the most variety of fission ;|) 0d

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



+ Los Alamos
BaCkground - Oxal ate NATlDNAELS::r—:;;:fRATDRY

UO,-oxalate is often formed in the processes used to manufacture
fuel

Not technically a MOF, the material is a series of flat polymer
sheets linked together with hydrogen bonding
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EST.1943

Yellow UO,-oxalate target returned as black UO,

No secondary matrix

Some assumptions:
UO, is homogenous
UQO, particles are larger than 10 pum
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Conditions in Flattop (i.e. temperature) are not ideal for using
organic-based materials

Slight enrichment of materials allows for the use of thermal
neutrons (~ 0.025 eV)

May negate temperature issues

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



.

. + Los Alamos
Conclusions — Part 2

MOFs can be used for the extraction of fission products, but yield
depends on framework type and pore size

Studying more types of MOFs will give a better correlation

Some materials are not suited for fast neutron environments and
would be better studied in a reactor situation.
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Chalcogenides (i.e. sulfur, selenium, tellurium) are soft-donor
atoms

Can be used for separation between lathanides and actinides

Chemistry of the actinides (hard-donor atoms) with the soft
chalcogenides is not well understood but is of interest to both the
radiochemical and organoactinide communities.
How do 5f-electrons get involved in bonding?
Comparisons of thorium (no f-electrons) with uranium can help elucidate
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Sattelberger et.al. published the first organothorium-sulfide in
1986
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EST.1943

Kiplinger group was studying insertion of chalcogenides into An-C
bonds and found that (C:Me.),ThS; Is a thermodynamic sink

e

Thl\/I
e
NE
\,.78\

/Th\;/%/
/&Ph/\%\k \%/SPh
X

SMe

SMe

\
iTh/
\.é/\

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



A5

: - Los Alamos
Experlmental NATIONAL LABORATORY

EST.1943

Cl SMe
\Th/ 2 NaSMe \Th/
~_ -2NaCl /N
/ Cl THF SMe
RT, 18h

88% Yield

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



Experimental Los Alamos

N o — (@\] L LABORATORY
— LN LN — AN EST.1943
[ ™M @\l [\l i
I I I I I
*
*
\ _SMe
//
* Th\
/ SMe *
*

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA




A5

- Los Alamos
Res u ItS NATIONAL LABORATORY

EST.1943

Monitoring the reaction of (C:Me;), ThMe, + Sg by NMR showed intermediate
formation of (CcMec), Th(SMe),
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Formation of MeSSMe, MeSMe, and MeSSSMe Is also seen by
NMR

(C:Mec), Th(SMe), appears to undergo side reactions with these
byproducts, but final product is always (C:Me¢),ThS,
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There is sulfur insertion between thorium and carbon of methy!
group

Novel complex (CcMe:),Th(SMe), reported and characterized

Uranium chemistry doesn’'t behave analogously
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Transition metal mediated C—X activation (X = H, F, Cl, Br, I) has
been studied as a route to novel organometallic compounds

Actinide studies are lacking in the literature
There are examples of C—H activation with uranium
C—N bond activation with thorium-bipyridine complexes

Important to understand how actinides can interact with halide
environments
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Experimental - Thorium
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Is there f-electron involvement that stabilizes
the reaction?

Theoretical calculations are in progress

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



.

. » Los Alamos
Conclusions

Series of U-X (X = F, Cl, Br, I) complexes were formed using
actinide mediated C—X activation

The benzyl group adds across the bipyridine rings

Preliminary exploration into the mechanism seems to show that it
IS a migration rather than addition of the benzyl

Chemistry does not work for thorium analog
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Summary
and Future Work

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



.

+ Los Alamos
Summary — Part 1 NATIDNAELSTIT‘.:;;B?RATDRY

Proof-of-concept that an actinide target can be used to rapidly
separate fission products without dissolving the target

Use of a secondary matrix (i.e. KBr) increases the yield

Future Work — Part 1

Use a secondary matrix that is not activated
Use a different isotope, or combinations of isotopes
Use of 23’NpO, to form 238Pu
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MOFs can also be a useful target, depending on pore size and
framework structure

Use of smaller particles of UO, increases yield

Future Work — Part 2

Study a variety of other MOFs
Change the metal
Enrich sample and use thermal neutrons
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Summary — Organoactinide Story
Novel thorium sulfide
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Mechanism to understand (C:Me:),ThS,

C—X activation using uranium to give a suite of novel uranium-

nalide com
Rare exam

Rare exam

nounds
nle of a U-F bond

nle of activation and addition across a bipyridine ligand
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Synthesis of (C:Me:),US for comparison to thorium

Theoretical explorations into C—X activation mechanism
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